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Abstract

When utilizing SCBA, firefighters are able to get to the seed of afire more quickly, and
are able to perform rescue, ventilation, suppression, and salvage and overhaul functions without
breathing in toxic smoke and gases. A problem associated with the use of SCBA isthat under
heavy work loads, such as rescue maneuvers, sair climbing with equipment, and forcible entry,
the rate of air flow from the regulator has the potentid to limit the physical performance of
firefighters.

The purpose of this research was to examine the potentiad for improving the operating
efficiency of SCBA. Specificaly, this research examined the use of oxygen+ enriched
(hyperoxic) ar as amethod of increasing the ahility of firefightersto perform physcdly
demanding tasks while using SCBA.

This research adopted an experimenta research design in order to test the following
hypotheses:

H1l.  Theheart rate responses under the hyperoxia conditions will be lower than heart

rates under the normox conditions.

H2.  Theblood lactate levels under the hyperoxia conditions will be lower thanthe  blood

lactate levels under the normox conditions.

H3.  Thepercaved physicd exertion under the hyperoxia conditions will be lower than
perceived physicd exertion under the normox conditions.

H4.  Thetimeson each individud event under the hyperoxia conditions will be lower than the

event times under the normox conditions.



H5.  Thetotd egpsed times under hyperoxia conditions will be lower than thetotal  elapsed
times under normox conditions.

The procedures used to test these hypotheses involved a double- blind within-subjects
desgn. During different tridsin the study, 17 subjects completed a number of evolutions
involving aseries of amulated firefighting tasks.  Sulbjects were randomly assigned SCBA that
contained ether normd bresthing air (normoxic) or oxygen enriched air (hyperoxic).
Performance measures and physiologica data were collected under the two different
experimental conditions and the data were andyzed in order to test the hypotheses.

The results of the study provided support for H3, H4, and H5, however H1 and H2
were rgjected. Inrgecting H1 and H2, the researchers noted that although heart rate and
blood lactate levels were smilar under the two conditions (normoxic and hyperoxic) the
reduction in times to complete the tasks indicated a higher level of work output a Smilar
heartrates and lactate levels.

The results of the study provide strong support for the positive effects of hyperoxiaon
the performance of firefighters, and suggest the need for further research. Four
recommendations for further research were proposed, including a recommendation to seek

corporate and/or government funding to support further research.
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Introduction

One of the most essentia pieces of equipment utilized by firefightersis the Sdf
Contained Breathing Apparatus (SCBA). The SCBA provides a supply of breathing air that
dlowsfirefighters to enter burning buildings that are charged with smoke and super-heated
gases. When utilizing SCBA, firefighters are able to get to the seed of afire more quickly, and
are able to perform rescue, ventilation, suppresson, and savage and overhaul functions without
breathing in toxic smoke and gases.

While most would agree that the use of SCBA ads sgnificantly in the effective
performance of firefighting duties, the SCBA is not without its drawbacks and limitations. One
problem associated with SCBA usage is the limited duration of the air supply. Thiscan bea
magjor concern when fighting firesin large industrid complexes and in high-rise buildings. There
is often the potentid for the ar supply to become depleted prior to the firefighters retregting to
smoke free areas where the SCBA can be removed and the air bottle changed. A second
problem isthe limited air flow through the regulator. Under heavy work loads, such as rescue
maneuvers, dar cdimbing with equipment, and forcible entry, the rate of ar flow from the
regulator has the potentid to limit the physica performance of firefighters,

The purpose of this research was to examine the potentia for improving the operating
efficiency of SCBA. Specificdly, this research examined the use of oxygen enriched air asa
potentid method of increasing the ability of firefighters to perform physicaly demanding tasks
whileusing SCBA. The research was based on the hypothesis that increasing the oxygen

concentration in SCBA tanks would alow firefighters to perform at higher levels and work more



efficently than they could usng normd breathing air that istypicdly found in SCBA tanks used
for gructurd firefighting.

This study utilized an experimentd research desgn, and compared the within- subject
physiologica responses of subjects performing amulated firefighting activities. Thefirefighting
activities utilized were a series of tasks smilar to those found in the Firefighters Combat
Chdlenge. Following a number of training evolutions to familiarize the subjects with the tasks,
subjects completed three different experimenta evolutions. During the experimentd evolutions
subjects were randomly assgned SCBA tanksfilled with either norma breathing air
(NORMOX) or oxygen enriched air (HY PEROX) using a double blind experimenta
procedure. During and following each of the experimentd evolutions, key physiologica data
were collected including: heart-rate (HR), blood lactate level (BL), which isan indicator of
physcd fatigue, rating of perceived exertion (RPE), aswell as egpsed time required to
complete each event (ET) and the overdl time to complete the evolution (OT). In each of the
experimenta evolutions the subjects were ingtructed to complete the various tasks as quickly as
possible and to perform to their maxima potentid.

The data collected under the two different experimental conditions were compared in
order to test the following hypotheses:

H1.  The heart rate responses under the hyperoxia conditions will be lower than heart
rates under the normox conditions.
H2.  Theblood lactate levels under the hyperoxia conditions will be lower thanthe  blood

lactate levels under the normaox conditions.



H3.  Thepercaived physcd exertion under the hyperoxia conditions will be lower than
perceived physicd exertion under the normox conditions.
H4.  Thetimeson each individud event under the hyperoxia conditionswill be lower than the
event times under the normox conditions.
H5.  Thetotd dapsed times under hyperoxia conditions will be lower than thetotd  elapsed

times under normox conditions.

Background and Significance

The incidence of structurd firesin North America continues to decline, causng many
fire service managers to closdy examine avariety of new and different public services. Yet
despite the increasing emphasis on tasks such as public education, fire prevention, community
savice, and EMS, the defining moment for mogt fire departments continues to be their ability of
effectively combat structurd fires with aggressive interior attacks designed to rescue victims and
minimize property loss. Technologica advances in the type and qudity of tools and equipment
that firefighters utilize to perform their job have served to increase the leve of performance and
the level of safety associated with fire fighting.

Changesin the design of turnout gear, and the evolution from the “dicker and boots’ to
“bunker gear” provide firefighters with agreater leve of protection than has previoudy been
possible. The use of human-made fire resstant fibers such as nomex flash hoods have aso
increased the leve of protection afforded to firefighters when conducting interior firefighting

operations. New technology such as PASS devices increase the possibility that firefighters who



experience difficulties will be found. And new fireground procedures such asthe
implementation of rapid intervention teams (RIT) help ensure that firefighters who experience
difficulties will be rescued quickly.

While dl of these equipment changes, safety devices, and fireground procedures are
important, the most essentid piece of persond protective equipment that firefighters utilize is the
SCBA. The SCBA isthe piece of equipment that allows firefighters to breeth clean air and to
function in contaminated environments. Mafunctions of SCBA, improper usage of SCBA, and
depletion of ar supply are some of the most crucid and potentidly lethd problems faced by
firefighters. Without asupply of fresh breathing air survivd is difficult within the hostile
environments that firefighters operate.

As with other types of persond protective equipment, the SCBA has developed and
improved in recent years. The use of lightweight sted, duminum, and fiberglass wrap, has
resulted in decreased weight of SCBA tanks and increased air volume. Advancesin design,
such as the positive pressure mask, anti-fog lenses, vison correcting facepeices, low air
warning devices, and others, have helped to make SCBA safer and more effective for
firefightersto use.

Aswith any technology, however, there are fill limitations in the use and effectiveness
of SCBA. One of the limiting factors that has been identified is the ability of the SCBA to
ddiver asufficient ar flow under conditions of intense physiologicd demand. The physiologica
demands of structurd firefighting are extreme. Firefighters dressed in turnout gear and wearing
SCBA typicaly are carrying gpproximately 50 pounds of equipment. Add to that weight tools,

high-rise kits, hose packs, charged hoselines, and the need to move quickly up stairs, through



confined spaces, and into dark unknown premises, and you can begin to gppreciate the physica
demands placed on firefighters. Add further to that extreme temperatures, turnout gear that
does not “bresthe’ well, and the adrenaline rush that results from the fear, anxiety, and tension
of thejob, and one can develop a further understanding of the physiologica demands placed on
firefighters. These demands typically result in sharp increases in heart-rate and ventilation rate
and increase the demand for oxygen (Williams, Peteresen & Douglas, 1996).

In firefighting, asin other physicdly demanding activities, a key component for effective
performance is the body’ s ability to supply the muscles with sufficient amounts of oxygenated
blood. A limiting factor to effective performance can be that firefightersworking a high levels
of intengty can not get sufficient ar and/or quickly deplete their air supply and are forced to exit
the structure.

The totd qudity management principle of continuous improvement suggests that in order
to deliver the best possible service to the customers, fire service managers should be constantly
looking for ways to improve performance. The recognition of some of the limiting aspects of
SCBA suggests the need to search for better or improved techniques and equipment in order to
fadilitate maxima performance.

The Executive Leadership Course at the Nationd Fire Academy includes amodule deding with
“The Management Process’.  This module contains adiscussion of the Kast and Rosenweig
Sysems Modd. An essentid component of the modd is the technical subsystem which
includes knowledge, techniques, equipment, and facilities. Congagtent with that modd, this
research project seeks to develop aspects of the technica subsystem with aview to enhancing

the overal job performance of firefighters.



Literature Review

The literature review for this project focused on three essentid aress. (1) the physical
demands and physiologicd responses involved in firefighting, and the importance of oxygen to
physica performance; (2) the effects of oxygen enriched ar on human performance; and (3)
concerns about taking oxygen into afire. The first two topics were researched through literature
searches conducted at the NETC Learning Resources Center and the University of Alberta
Library. Information on the use of oxygen enriched air in scuba diving in the second section was
obtained by interviewing a scuba diving expert. Thethird topic was researched by conducting
an interview with an expert in the fidld of chemigtry and fire behavior.

The Physiological Demands of Firefighting

The physicd demands of firefighting are well known and have been documented in a
number of different research undertakings over the past two decades. One of the early articles
on this subject was published by Lemon and Hermiston in 1977. This article established a
physiologica profile for professond firefighters and discusses the high physical demands faced
by firefighters. A later article by Davis and Dotson (1987), discusses the physiologica demands
of firefighting and outlines the need for physicd fitness programs. More recently Gledhill and
Jamnik (1992a) conducted a series of tests intended to characterize the physical demands of
firefighting and used this as the bass for devel oping fitness screening sandards for firefighter
candidates (Gledhill & Jamnik, 1992b).

The screening protocols developed by Gledhill and Jamnik (1992b) involve a series of
firefighting task smulations as well aslaboratory tests of physicd fithess. The job related

performance tests were validated by fifty-three incumbent firefighters who were asked to



complete Likert scale comparisons of the tests to actud firefighting. This method was used to
establish the criterion vaidity of the job performancetests. The battery of job related tests
developed by Gledhill and Jamnik (1992b) are quite Smilar to the battery testsincluded in the
Firefighter Combat Challenge, and include the essentid eements recommended in NFPA 1583.

The importance of maxima oxygen consumption was identified by Gledhill and Jamnik
(1992b) in their testing procedures. They proposed that alaboratory test of oxygen uptake
(Vop) should be included as a standard test administered to firefighter gpplicants. The
importance of oxygen consumption was aso identified in research by Sothmann, Landry &
Saupe (1992) in their udy of the influence of age on firefighting ability. These sudies outline
how the high-intengity of the physical demands of the tasks performed by firefighters place
sgnificant demands on the respiratory system. These articles reinforce the idea that adequate
oxygen supply is required for peak physical performance.

The potentia for SCBA to limit oxygen uptake during exercise was examined by
Louhevaaraet d. (1985). These researchers noted that Sgnificant changes in ventilation
patterns and rates occurred among subjects wearing SCBA. Specificdly they observed shorter
inspirations and expirations accompanied by an increase in breathing frequency. The authorsin
this sudy concluded that these changes in breathing pattern while wearing SCBA are likely the
result of the weight of the SCBA and the shoulder harnesses which restrict the norma motion of
the thorax. Research by Raven et d. (1977) supports the notion that the SCBA providesa
regtriction to normd air flow and limits the amount of physical work that can be performed while
wearing SCBA. They found that the mgority of the subjectsin their research reported “lack of

air’ asthe reason for stopping in a graded treadmill test designed to gradudly increase the



intengty of the workload. Based on this research on airflow through SCBA, it gppears that
increasing the oxygen concentration may be a viable method of overcoming some of the
restrictions to breathing posed by the standard SCBA.

Other sudies of the physiologica demands of firefighting have noted additiona
physiologica demands associated with firefighting, above and beyond the stresses of the
physca nature of the work itself. For example, Bone et d. (1994) found that the insulative
properties of NFPA 1500 compliant turnout gear caused a significant increase in the heart rate,
temperature, and oxygen consumption of subjects due to the body’ s decreased ability to
disspate heat when encapsulated in bunkers pants and anomex hood. They found that subjects
experienced sgnificantly higher physiologicd stress under smilar work conditions when wearing
bunker style turnout gear as opposed to stationwear or hip-boots and jacket.

While the above noted research was based in alaboratory setting, it was theorized that
the results would be more pronounced in a“hot and hostile environment” (Bone et dl.,
1994:54). Thistheory was extended to some degree through research conducted by Williams,
Petersen and Douglas (1996). This research, while not examining actud fire fighting, moved
closer to the red thing by examining the physiologica responses of subjects during live fire
traning. This study identified remarkably high heart-rates during rdaively low levels of exercise
and attributed these high levels to the hest stress and psychological stress associated with the
livefiretraning evolutions

Ovedl, the literature reviewed in this area provided strong evidence of the physicd
demands of firefighting. These demands are related to not only the physical exercise associated

with performing firefighting tasks, but also related to associated issues such as the body heat



retention that is associated with wearing turnout gear, and the psychologica aspects of fear and
excitement. These findings suggest that research associated with the physiologica responses of
firefighters should attempt to Smulate or replicate as many of these conditions as possible while
at the same time controlling them in order to ensure that the different variables are held congtant
under the different experimenta conditions.

Oxygen and Human Performance

For many years, exercise physologists have been aware of the postive effects of
breathing oxygen enriched ar during intense exercise. The use of oxygen enriched air or
“hyperoxid’ has been found to produce effects such as reduced heart rate, higher levels of
physica performance with less exertion, and decreased fatigue. All these effects have been
generdly viewed as beneficid to persons performing physcaly demanding activities (Welch,
1982; Plet, et al., 1992).

The concept of hyperoxia generdly involves providing breething air that has a higher
concentration of oxygen than the norma ar naturdly occurring a ground levd inthe earth’'s
amosphere. The concentration of oxygen that naturaly occursin amospheric air a sealeve is
goproximately 21%. The baance of the air is composed primarily of nitrogen.  While different
researchers have experimented with different concentrations of oxygen, the most widely used
and generdly accepted mixture for hyperoxic experimentsis between 40% and 60% oxygen,
and the baance nitrogen. This concentration is gpproximately two to three times that of norma
breathing ar and has been found to result in significant increases in human performance (P, et

al., 1992).
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Experiments investigating the effects of hyperoxia have utilized athletes in sports such as
rowing (Peltonen, et d., 1995), cycling, and running (Hughson et d., 1995). While hyperoxia
has been found to have postive effects on performance in these and other sports, it is not
practicd for athletes to utilize hyperoxic bregthing apparatus while participating in these
activities. Two physcaly demanding activitieswhereit is practica to wear breathing apparatus,
however, incdlude scuba diving and firefighting.

While published research on the utilization of hyperoxic gases during scuba diving is not
reedily available for review, information was obtained through aloca scuba diving expert.
Through an interview with Mark Gunderson, a certified scuba diver, it was discovered that the
use of “nitrox” (40% oxygen, 60% nitrogen) is a common practice anong scubadivers. Itis
generdly accepted that divers can stay down longer and fed better when using nitrox rather than
the conventiond norma ar or “normox” which is 21% oxygen. Mogt jurisdictions require that
diverstake a prescribed course of study and obtain certification prior to scuba diving with nitrox
(Gunderson, persond interview, September, 1997).

In addition to scuba diving, the other logica place for utilizing hyperoxic gasesisin
firefighting. In 1977, agroup of Dutch researchers conducted an experiment which involved
firefighters wearing SCBA and waking on atreadmill (van den Berg, et d., 1977). Firefighters
in this study were required to complete a number of treadmill runs of fixed duration and
intendty, and were given the freedom to choose how long they rested between runs. The study
showed that the rest time was decreased by 29% when hyperoxia was used, and the overall
volume of air was reduced by 6%. Thislaboratory experiment established a positive effect for

the use of hyperoxia, however, the results of the tests were not extended to further study in the
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fidd, or used as the basis for changes to practicesin the professon of firefighting. The authors
suggested that the potentid advantages of usng hyperoxiain firefighting include: enhanced work
capacity; reduced fatigue; and extended work time from a specific quantity of air. These
suggestions reinforced the need for further research in this arealin order to investigate the
practica gpplication of hyperoxiain professond firefighting.

Concerns Regar ding Oxygen and Fire

One of the possible explanations for the lack of practica gpplications of hyperoxia
research in firefighting could be the fear of introducing oxygen into afire Stuation. Thisissue
was raised by a number of firefighters who were gpproached by the researcher when seeking
volunteersto be subjectsin thisstudy. The basic training in fire behavior and chemidry thet
most firefighters receive leads to concerns about introducing oxygen into afire Stuetion. It is
well understood that in addition to fuel, heat, and chemical reactions, oxygen is an essentid
component of combustion. Thus, there may be a reluctance among some firefighters to enter an
involved structure fire with atank of oxygen enriched air on their backs. Thereis alegitimate
concern that exhded air may be oxygen rich and may contribute to the intengity of thefire. A
further concern that may be raised isthe concern that if the valve on the tank was bumped or
damaged the oxygen that would be released could escdate the intengity of thefire.

In reviewing these concerns, a persond interview was conducted with a chemistry
expert, Dr. Ewe Terner, the Dangerous Goods Adviser for the Edmonton Emergency Response
Department. Dr. Terner pointed out that the volume of air contained in the typicd air tank is
negligible when compare to the volume of air in the average room. He aso pointed out that

thereisfar lessrisk in utilizing 40% oxygen than there would be using pure oxygen. Terner
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suggested that even in a damaged vave Stuation, the oxygen would dissipate quickly and would
pose little if any threat of escalating the fire. It must be recognized, however, that as a practica
matter, an attempt to introduce hyperoxiaas a professond firefighting practice may result in

oppaosgition from firefighters based on these types of concerns.

Procedures

In order to examine the potentiad benefits of hyperoxia on firefighters, a series of
experiments were conducted involving smulated firefighting activities. The activitiesinvolved a
circuit of amulated firefighting tasks amilar to the Firefighters Combat Chdlenge. The research
proceeded in two phases. Phase one was essentialy a pilot phase which sought to establish an
effect for hyperoxia. Following the completion of this phase the results were examined and the
procedures modified for phase two. The two different phases are described below.
Phase One - Thisinitid phaseincuded five events in acircuit and were set up in the following
sequence: Task 1: three-gtorey stair climb carrying 40 Ib high-rise kit; Task 2: rope pull raising
and lowering an 55 |b hose roll 50 feet verticaly; Task 3: drag dummy 50 feet utilizing a200 Ib
rescue mannequin; Task 4: forcible entry amulation usng an 8 Ib dedge hammer; and Task 5- a
200 foot hose drag using 150 feet of 2 1/2 inch hose and nozzle. Thiscircuit was set up inthe
ahleticsfidd house at the Universty of Alberta

The study utilized a double blind research design in which the subjects completed a
number of different trias wearing NFPA 1500 compliant turn-out gear and Scott 4.5 SCBA

using either 21 % oxygenated normd breathing air (NORMOX) or 40% oxygen enriched air
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(HYPEROX). The air tanks were coded and randomly assigned on different trials so that
neither the subjects nor the researchers were aware of which subjects had which type of air on
the varioustrids.

The subjectsin the sudy were professond firefighters and univeraity graduate students
who recaived training in the use of firefighting equipment and SCBA. A tota of 17 subjects
participated (15 males and 2 femaes). All volunteers completed a graded exercise test and
their blood lactate was measured prior to them being accepted as subjects. Thistesting ensured
that the subjects had the fitness levels necessary to safely participate in the study. Thisinitia
testing aso provided basdline data on the subjects maximal heart rates and ventilatory
threshold, which alowed the researchers to examine the extent to which subjects were working
a full capacity during the smulated firefighting ectivities.

Following thisinitid fitness testing, dl the subjects completed at least three practice
SesIons using normox in order to become familiar with the smulated firefighting circuit. This
was intended to reduce the possibility of differences dueto learning effects. Following initid
familiarization sessons, the subjects completed three different trids on different days. The
possibility of learning effects occurring was measured by conducting ardiability test on the data
from the last practice test usng normox and the first experimentd circuit usng normox. Inadl
trids the subjects were ingructed to complete the circuit as quickly as possible usng amaxima
effort.

The research procedures were designed to compare the effects of hyperoxiato
normoxia usng five different measures: (1) the overdl time to complete the circuit; (2) the task

gpecific times, (3) the level of exertion as measured by the levd of lactate in the venous blood
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following the activity; (4) the comparative heart rates of subjects; and (5) the percelved leved of
exertion reported by the subjects during the amulated firefighting tasks.

Thetimesfor each event, the time accumulated in-between events, and the total
cumulative times were measured using siop watches. The blood lactate levels were measured
using laboratory tests comparing venous blood samples taken 5 minutes after each completion
of the circuit by each subject. Heart-rates were continuoudy monitored using Polar modd PE
3000 heart monitors. Perceived level of exertion was measured in between tasks 2 and 3, and
4 and 5, using a standardized 9 point scale for Rating of Perceived Exertion (RPE) developed
by Borg (1982).

Statigtica analyss was conducted using a stlandard persona computer and a statistics
software package. A repeated measures andlysis of variance (ANOVA) was used to test for
within-subject differences between the performance variables under the normox and hyperoxic
conditions. A probability value of P<0.05 was consdered significant.

Phase Two- Following the review of the preliminary results from phase one, it was generaly
agreed by the researchers that lengthening the overdl firefighting smulation circuit would likely
yidd gronger and more meaningful results for the use of hyperoxia The average time to
complete the training circuit in phase one was gpproximately 5 minutes, and the effects of the
hyperoxia began to gppear in thefind event in the circuit. The smulation was adjusted and
lengthened in order to increase the overdl time and tep into the aerobic energy pathways. The
circuit was expanded significantly by adding waking distance between tasks and lengthening the

requirements within the events. Once again the subjects were asked to complete the circuit as
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quickly as possible using their maximad effort. The subject pool for this second phase of the
research was reduced to 6.

There are severd limitations that may be noted in the design of this experimentd
research. The chdlenge of thistype of research is make the experiment as smilar to thered job
as possible while at the same time controlling variables other than those being researched. A
number of different control measures were put in place in this study. For example, a number of
training evolutions were undertaken in an atempt to minimize the extent to which performance
would be influenced by alearning effect. Other variables such as temperature and weather
conditions were controlled by conducting the experiment indoors in a climate controlled
fiddhouse. Theresstancein each of the various tasks was aso controlled by using
standardized tools and props and having researchers ensure that standardized methods were
utilized in tasks such as the rope pull and the forcible entry amulation.

A magor limitation of the sudy was the fact that it was asmulation that was meant to
represent the physica demands of firefighting. The use of NFPA 1500 compliant turnout gear
and SCBA made the tests redlistic in some respects. In other respects, however, such asthe
absence of heat, smoke, and reduced visihility, the test did not redistically represent actually
firefighting. 1t was recognized, however, that as an initid experiment to test for the potentia
positive effects of hyperoxia, the research desgn was smilar enough to red firefighting to be a
valid test of the effects.

Other concerns or limitations included the sample size and the duration of the smulation
circuit. There were severd sgnificant cogts associated with this study including the cost of

having the hyperoxic mixture custom blended and transferred to SCBA bottles, and the cost of
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conducting the blood lactate andysis. There was dso a sgnificant time commitment required by
the research team to set-up the smulation course, supervise the subjects as they went through,
and collect and analyze the data for each subject. Because of these concerns, it was
determined that 15 subjects was the maximum that could be accommodated. Following
gandard gatistical techniques it was established that such a sample size would yield reliable and
vdid results given the within-subject design of the study.

The time commitment required by subjects and the rigorous nature of the testing
proceduresin this study mede it difficult to recruit subjects. These factors resulted in ahigh
atrition rate between phase one and phase two of the sudy. The researcher himself served as
asubject and can attest to the fact that the study was time consuming, physicaly demanding,
and somewhat uncomfortable both when working at peak performance and when providing

blood samples after each evolution.

Results
Theinitid results of this study demonsirated some positive effects for the use of
hyperoxia. Specificaly, the results indicated a reduction in overal time and in perceived faigue
following task 4. There were not, however, any sgnificant differences in the heart rates or the
lactate levels when comparing the hyperoxic and normoxic trids. When comparing timeson
specific events, there were not sgnificant differences on the initid 4 tasks, but there were
ggnificant differences on the fina task, the hose drag. A comparison of the within subject

means on the various measures is presented in Appendix A.
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A comparison of the datafrom the last practice circuit usng normox and the first
experimentd circuit usng normox indicated a high reliability of .99. Thisindicated that any
improvements observed in the experiment could be attributed to the effects of the hyperoxia
rather than the effects of learning through repesated trids.

In examining these initid results it became clear to the researchers that the effects of the
hyperoxia do not become fully utilized until the body reaches alevd of aerobic exertion. It was
observed that the nature of the circuit of smulated firefighting tasks required muscular strength
fueled primarily by the anaerobic energy pathways, and as such, the benefits of hyperoxiadid
not begin to take effect until the aerobic energy pathways became fully engaged.

It was aso noted by the researchers that in order to test the specific benefits of
hyperoxiain actud firefighting Stuations, it would be necessary to modify the smulation tasksin
order to more closdy represent the physica demands of firefighting. 1t was generdly agreed by
the researchers that the specific tasks were vadid smulations of individua tasks performed by
firefighters. It was further acknowledged, however, that acircuit that could be completed in less
that 4 minutes was not representative of the complete bundle of tasks typicdly performed by
firefighters under actual work conditions. Based on this reasoning, the test circuit was extended
and modified in order to lengthen the overdl time of the smulation.

The reaults from phase two of the study showed a more marked positive effect for the
use of hyperoxic air. The results are provided in Appendix B. The data related to the
hypothesesin the following ways

H1l.  The heart rate responses under the hyperoxia conditions will be lower than

heart rates under the normox conditions.
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This hypothesswas rejected. There were not sgnificant differencesin heart rate when
breething norma SCBA air or the hyperoxic mixture. The researchers observed that in dl trias
the subjects were working at maximum performance and therefore the recorded heart-rates
were rddively consstent in dl trids. It should be noted, however, that athough the heart rates
were Smilar, tasks were completed in less time using hyperoxic air suggesting that therewas a
greater output achieved a asmilar heart rate.
H2.  Theblood lactate levels under the hyperoxia conditions will be lower than
the blood lactate levels under the normox conditions.
This hypothesis was a0 rgjected. There were not sgnificant differences in the blood lactate
levels of the subjects when bregthing normal SCBA air and the hyperoxic mixture. Asabove,
the researchers attributed this lack of difference to the fact that subjects were working a
maximd levesin dl trids
H3.  Thepercaived physcd exertion under the hyperoxia conditions will be
lower than percelved physica exertion under the normox conditions.
This hypothesis was supported in both phase one and phase two of the study. The support was
found to be less pronounced, in terms of gatisticd sgnificance, in phase two of the sudy. This
was attributed to the smaler sample sze in phase two which lowered the degrees of freedom
subgtantidly, and made it more difficult to achieve Saidticd sgnificance.
H4.  Thetimeson each individud event under the hyperoxia conditions will be

lower than the event times under the normox conditions.
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This hypothesis was rejected in dl but one of the eventsin phase one, and was accepted in dl of
the events in phase two of the sudy. The increase in event duration in phase two demonstrated
that the pogitive effects of hyperoxiaincrease over time.
H5. Thetotd dapsed times under hyperoxia conditions will be lower than the
tota dapsed times under normox conditions.
This hypothesis was supported in both phase one and phase two of the study, indicating a
positive effect of hyperoxia on the performance of Smulated firefighting tasks. The overdl

increase in performance using hyperoxic air was approximately 6%.

Discussion

This research was a prdiminary attempt to extend previous research and to examine the
benefits of hyperoxiain smulated firefighting Stuations. In both of the firefighting smulations
undertaken, the use of a hyperoxic mixture in the SCBA bottles was found to have a sgnificant
effect on task performance. The effects of hyperoxia were much more pronounced in the
second research scenario which involved an extended overdl time period and alonger duration
for each task. While the second research design was more closely representative of the actua
demands of firefighting, neither design was representative of the fact that atypica working fire
will require firefighters to work until their air tank becomestotally depleted or a least until the
low-ar warning device is activated. Thus, dthough this sudy established a preliminary basisto
support the use of hyperoxic air in SCBA tanks, further research is required.

The fact that subjects performed better and reported fedling less tired when using

hyperoxia suggests that there may be some positive reasons for conducting further research and
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possibly some trids under actud firefighting conditions. This study demondtrated that the use of
hyperoxic air does have the potentid to asss firefightersin performing at higher levds and
feding lessfatigued afterwards.  This could be of particular benefit in older urban centers where
firefighters face the possibility of responding to severd working fires within the time parameters
of agngle shift.

This study suggests that hyperoxic ar may aso sustain afirefighter for alonger duration
than does aregular SCBA ar mixture. While this study was not desgned to systematicaly
measure the amount of air consumed in the different trias, the researchers did monitor air
consumption and generaly concluded that subjects tended to use less hyperoxic ar then norma
ar. There are many variablesthat are difficult to control, including the sed on the face and the
cdibration and accuracy of the tank pressure indictors. Further research will require more
accurate measurement devices and more controlled |aboratory conditionsin order to accurately
measure the actud air consumption when using hyperoxic arr rather then normd air.

A secondary issue that arose in this research relates to the extent to which fire fighting
samulations such as the Combat Chdlenge are fair representations of the actud physica
demands of firefighting. Exercise physiologist, Dr. Loren Myhre, has previoudy observed that
the Combat Chdlenge and smilar test are not afair representation of the physica demands of
firefighting, in that people may “tough it out” and get through the test while not being aerobicaly
fit to perform the more sustained physica activities that actud firefighting requires (persond
communication, August, 1996). The lack of asgnificant effect for hyperoxiain phase one of the
this study, and the more marked effects found in phase two suggest that this observationis

accurate, and highlights the need for firefighter fitness tests to be extended in duration in order to
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more accurately represent the physica demands of firefighting, and evaduate the subjects
aerobic and well anaerobic performance capabilities. This observation aso supports the
recommendations of Gledhill and Jamnik (1992b), that fitness screening for firefighters should
include job related tests and laboratory tests of aerobic fitness.

The 6% improvement in performance found in the results of this study maybe be seen as
highly sgnificant in emergency Stuations where every second counts. These effects may be

even more pronounced when studied over longer durations.

Recommendations
Previous research in Holland (van den Berg, et d., 1977) established that the use of hyperoxic
ar had apodgtive effect on firefightersin alaboratory. The researchersin that study theorized
some of the potentid positive effects that could be redized by firefighter under actual working
conditions. The current sudy extended that initid research by investigating the effects of
hyperoxic under field research conditions using a series of amulated firefighting tasks. The
present study has confirmed the postive effects of hyperoxic air in SCBA tanks and suggests
the need to carry out further research in anumber of areas. The research findings lead to the
following recommendations:
1 Further research should be conducted using moderate to heavy workloads and
measuring the duration of the air supply. In other words, subjects should be required to
work until the tank is completely empty in order to establish whether hyperoxic air

actudly susains afirefighter for alonger duration than normad air under identica work
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conditions. Thistype of research will require careful cdibration of tank volume, and
careful control of workloads.

Further research is required to measure the effects of hyperoxia over alonger duretion
of time. This study looked at average durations of 5 minutes and 9 minutes in phases
one and two respectively. Redidicdly, firefighterstypicaly work for periods of 30 to
60 minutes when using SCBA in actua working conditions. Further research should
explore the effects of hyperoxiawhen used over longer duration.

One of the limitations of the more widespread study and use of hyperoxiaisthe cost
factors. Researchers and fire service personnel who are interested in exploring this
technology should work with ar supply companies and SCBA manufacturesto
investigate ways to reduce the costs of producing and packaging hyperoxic air.
Findly, in order to support the further investigation of the potentid of hyperoxic air to
improve the job performance of firefighters, researcher and fire service professonds
should seek corporate and/or governmenta sponsorships to support further and

ongoing research.
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